Objective: The aim of this study was to investigate the effectiveness of interventions aimed at moving research evidence into stroke rehabilitation practice through changing the practice of clinicians. Data sources: EMBASE, CINAHL, Cochrane and MEDLINE databases were searched from 1980 to April 2019. International trial registries and reference lists of included studies completed our search. Review methods: Randomized controlled trials that involved interventions aiming to change the practice of clinicians working in stroke rehabilitation were included. Bias was evaluated using RevMan to generate a risk of bias table. Evidence quality was evaluated using GRADE criteria. Results: A total of 16 trials were included (250 sites, 14,689 patients), evaluating a range of interventions including facilitation, audit and feedback, education and reminders. Of which, 11 studies included multicomponent interventions (using a combination of interventions). Four used educational interventions alone, and one used electronic reminders. Risk of bias was generally low. Overall, the GRADE criteria indicated that this body of literature was of low quality. This review found higher efficacy of trials which targeted fewer outcomes. Subgroup analysis indicated moderate-level GRADE evidence (103 sites, 10,877 patients) that trials which included both site facilitation and tailoring for local factors were effective in changing clinical practice. The effect size of these varied (odds ratio: 1.63-4.9). Education interventions alone were not effective. Conclusion: A large range of interventions are used to facilitate clinical practice change. Education is commonly used, but in isolation is not effective. Multicomponent interventions including facilitation and tailoring to local settings can change clinical practice and are more effective when targeting fewer changes.
Introduction
In stroke rehabilitation units, treatment delivered according to clinical guidelines leads to better recovery. 1 The impact of adhering to multiple clinical guidelines is additive, with positive impacts on both mortality and disability for people with stroke. 2 Hence, increasing the use of clinical guidelines will lead to improved patient outcomes.
Despite the availability of clinical guidelines, moving research evidence to clinical practice is limited and slow. 3, 4 Specifically within the area of stroke rehabilitation, adherence to clinical guidelines is poor. 5 For example, guideline use is limited in occupational therapy. 6 Physical therapists are reported to use guidelines less than 50% of the time. 7 Changing clinician behaviour to use more guidelines is a complex issue. 8 Personal (e.g. familiarity with the recommended treatments) and environmental factors (e.g. available time and space, support from management) contribute to this complexity. 9 The lack of clinician uptake of guidelines has driven an evolving body of research that measures the effectiveness of strategies aimed at altering clinical practice behaviour and subsequently patient outcomes. These emerging intervention types, targeting clinicians, are often referred to as knowledge translation interventions. Knowledge translation has been defined as a dynamic and iterative process that includes the synthesis, dissemination, exchange and ethically sound application of knowledge to improve health and health services. 10 Traditionally, education has been the most commonly used intervention in rehabilitation to support practice change. 11 However, more trials involving complex and multicomponent interventions are being undertaken and published. Multicomponent interventions use a bundle of different activities, with many using facilitators to initiate and maintain desired behaviour changes. Care pathways are another type of activity that aim to change practice. These are defined as complex interventions for the mutual decision-making and organization of care processes for a well-defined group of patients during a well-defined period. 12 To date, there has not been a review which systematically examines the type and complexity of knowledge translation interventions designed to improve the clinical application of evidence-based practice in stroke rehabilitation. The emergence of computer reminders and recently developed webbased supports also necessitates this current review. We aim to systematically evaluate the effectiveness of knowledge translation interventions targeting clinician practice changes in stroke rehabilitation to inform future implementation research and practice.
Methods
A literature search from 1980 to the current date (12 March 2019) using four electronic databases (EMBASE, CINAHL, Cochrane CENTRAL and MEDLINE) was conducted based on the domains of stroke and rehabilitation, knowledge translation intervention and modalities, outcomes and practice guidelines. The search strategy is presented in Supplemental Appendix 1. The references and citations of the included studies were reviewed for additional relevant publications. Trial registries for ongoing studies in this area were searched and five relevant studies located. Where recruitment was completed, the study authors were contacted to determine whether publication was imminent. One author group with a published abstract provided more detail and is included in this review.
Two reviewers independently screened results using Covidence software. 13 Conflicts in study allocation were resolved through discussion between reviewers. Full-text articles were screened for inclusion using a standardized tool (Supplemental Appendix 2). Studies were included if Data were excluded if the study focused on acute medical management (e.g. thrombectomy or treatment in intensive care). Data extracted included participant and setting characteristics, description of the knowledge translation interventions, theoretical frameworks, evaluation methods and findings. Where possible, we described the interventions in line with recommendations from the Expert Recommendations for Implementing Change Checklist. 15 Bias was evaluated, generating a risk of bias table in RevMan software. 16 Evidence quality was evaluated using GRADE criteria, evaluating risk of bias, inconsistency, indirectness, imprecision and publication bias. 17 This review was prospectively registered on 19 March 2018 with PROPSPERO: CRD42018090998 and complies with the PRISMA criteria for reporting systematic reviews.
Results
The literature search yielded 1357 unique citations. Title and abstract screening removed 1279 citations. A total of 78 full-text articles were reviewed and 17 papers describing 16 studies are included. 9, [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] The screening process is represented in Figure 1 . The SCORE-IT trial (Bayey et al. 20 and Munce et al. 9 ) reported different outcomes from the same trial and were combined. 34 
Participants and study designs
Most studies included multiple professions or multidisciplinary teams and were clustered at the ward or hospital level (Supplemental Table S1 ). Other interventions were directed at five single professions 18, 21, 22, 26, 28 and a team of physical therapists and occupational therapists. 32 Overall, 13 trials were cluster randomized trials.
Interventions
Half of the studies were multicomponent interventions and three others described their intervention as a 'care pathway'. Four out of five single interventions involved educational training 18, 21, 22, 26 and one used electronic reminders. 28 Site facilitators were commonly used and described in 10 trials. [22] [23] [24] [25] 27, [29] [30] [31] 33, 34 There was considerable variety in facilitator training, length of intervention, settings and local tailoring. While 6 of the 16 studies described an underlying theoretical approach to their intervention, these approaches were all different (Table 1) .
Outcomes
Five studies focused solely on patient outcomes. 19, 22, 29, 30, 32 Seven studies focused on clinician outcomes only 18, 23, 24, 26, 27, 31, 33 and four reported on both. 21, 25, 28, 34 The type and number of outcomes varied considerably (range: 1-21, mean: 7.7); most studies investigated multiple outcomes. Eight studies evaluated practice change by measuring the use of clinical guidelines before and after intervention. Ten studies identified primary outcomes, with seven multidisciplinary cluster RCTs identifying between one and three primary outcomes. 24, [29] [30] [31] [32] [33] [34] No significant change in clinician practice was reported from the four education interventions (1628 patients). 18, 21, 22, 26 Electronic reminders used in general practice (311 patients) produced a large improvement in guideline use (odds ratio (OR): 4.9) and reduction in mortality (OR: 0.27). The care pathway interventions produced mixed results. One care pathway study with site facilitators and with intervention tailoring improved all care indicators (7/7) and most process indicators (12/14) . 25 The other two care pathways did not involve tailoring of the intervention and consequently not find any significant results. 19, 30 
Level of evidence
Overall, the body of the literature reporting the use of knowledge translation interventions to change clinician behaviour and practice was of low quality based on the GRADE criteria. Evidence was downgraded twice; once for inconsistency due to differences in enrolment and outcomes populations (i.e. patients treated or health professionals) and once for indirectness due to large variations in intervention types. Most studies were unable to blind participants. Other biases were generally rated low (Figure 2 ), for example, imprecision was less of a concern and rated low as there were multiple large studies.
Subgroup analysis
A subgroup analysis of seven multidisciplinary and multicomponent trials that used facilitation as one component showed moderate-level GRADE evidence indicating effectiveness in producing positive results in at least one primary outcome (data from 5 trials, 103 sites, 10,877 participants). 24, 27, 29, 34 While the two other multicomponent multidisciplinary interventions with facilitators found no significant between-group difference, improvements in both control and intervention groups were reported. 23, 33 
Discussion
Interventions that aim to change clinician behaviours vary in effectiveness. Trials that included an education intervention in isolation were not effective. Support for clinicians from site facilitators was frequently included in effective studies. Interventions that included an element of site-specific tailoring of the intervention (e.g. workshops to examine local barriers and ways to overcome them) were generally effective. Trials that identified primary outcomes or had a small number of outcomes appeared to have more positive results. This is the first systematic review of knowledge translation interventions designed to change stroke rehabilitation clinician behaviours. We reported adherence to practice guidelines, protocols and any effect on patient outcomes where available. This review identified multiple large studies with low levels of bias. Heterogeneity among interventions, comparators and outcome measures produced mixed results resulting in a low level of evidence overall.
This review identifies a couple of successful intervention components to improve rehabilitation guideline uptake: facilitation and tailoring of interventions for local settings. Facilitation is supported by data from nearly 11,000 participants from over 100 sites, strengthening the importance of this finding in stroke rehabilitation. Our review supports previous research that advocates tailoring of guideline implementation in wider rehabilitation settings. 35 However, more research is still required to develop generalizable tailoring strategies. 36 Education in isolation was not found to be an effective implementation intervention for practice change. None of the four studies in this review reported a change in clinician practice or any patient outcomes. While education and training appear to be the standard intervention in frontline clinical practice, 11 we recommend that education be included with other components for promoting practice change. Stopping ineffective processes, like education interventions in isolation, may be one of the most powerful ways to move the area of clinical practice change forward.
While only one study used electronic reminders to increase adherence to medication guidelines, this intervention produced the largest effect size seen in this review. That study reported a five-fold increase in guideline use and a 60% reduction in death rates compared to control. 28 The use of technology such as reminders in electronic medical records warrants future exploration.
A novel finding in this review is the higher efficacy of trials which targeted primary outcomes or fewer outcomes. This may reflect overall study quality or a focus of attention, or be an element of successful implementation. Implementing a large number of practice changes concomitantly has been identified as problematic 9 and may justify the modest improvements seen in this review. Practice change typically requires multiple new behaviours to be adopted, and the resource issues associated with such implementation is another known barrier. 37 To address this, targeting a few well-defined clinician behaviour changes may be one way of achieving effective results.
Synthesis of data identified in this review is limited by the large range of study designs, intervention targets and comparators, and outcomes. These limitations may contribute to the low quality of evidence rating and the observed differences in the size and direction of the results. A subgroup analysis was not pre-specified, and this may have introduced further bias.
A large range of interventions are used to facilitate clinical practice change. We were able to identify some strategies or intervention components that were included in effective trials multicomponent interventions including facilitation and tailoring to local settings can change clinical practice and are more effective when targeting fewer changes. Education and training are commonly used, but in isolation, these are not effective in producing practice change of clinicians working in stroke rehabilitation. 
Clinical messages

